Genetic diversity estimation among different species is an important tool for genetic improvement to maximize the yield, desirable quality, wider adaptation, pest and insect resistance that ultimately boosting traditional plant breeding methods. The most efficient way of diversity estimation is application of molecular markers. In this study, twenty random amplified polymorphic DNA (RAPD) primers were utilized to estimate the genetic diversity between ten sunflower genotypes. Overall 227 bands were amplified by 20 primers with an average of 11.35 bands per primer. RAPD data showed 86.34% polymorophic bands and 13.65% of monomorophic bands. Genetic similarity was ranged from 50.22% to 87.22%. The lowest similarity (50.22%) was observed between FH-352 and FH-359 and the maximum similarity 87.22% was observed between A-23 and G-46. Polymorphic information content (PIC) values were varying from 0.05 to 0.12 with a mean of 0.09. Cluster analysis based on RAPD results displayed two major distinct groups 1 and 2. Group-2 contains FH-352 which was the most diverse genotype, while group-1 consists of few sub groups with all other genotypes. Ample diversity was found in all the genotypes. Present study reveals novel information about sunflower genome which can be used in future studies for sunflower improvement.
Introduction
Sunflower (Helianthus annuus L.) is the main cash crop and it belongs to the largest family of flowering plants, Asteraceae, a member of genus Helianthus. Spring and summer are most satisfactory seasons for the development of sunflower in Pakistan (Shah et al., 2013) . Mainly this crop is grown for the yield of oil-seeds. This crop has scored 4 th position between oilseed crops followed by oil palm, brassica and soybean (Fernández-Martínez et al., 2004) . Seeds of this crop contain important fatty acids having 49% oil. Seed meals develop after oil isolation having protein, mineral, carbohydrate and mixed amino acids (Nisar et al., 2011) . Advancement in (Helianthus annuus L.) genetics has seriously boosted the progress and approaches of new technologies for development of crops and its uses. Heterozygosity can be used greatly in oilseed crops for high production of oil. Hybrid cultivars are extra invariable, healthy, self-fertile and tolerance to leafage disease (Seiler et al., 2010) .
In breeding programs, the genetic divergence study is important as it gives knowledge on genetic diversity quantum, which provides a platform for definite breeding purposes. Genetic diversity can be explained as grouping or classification of an individual or a population in contrast to other individuals or populations (AbdelMawgood, 2012) . The information on genetic relatedness among parents increases the chance of heterosis in hybrids and decreases the possibility of reselection within related germplasm (Aremu, 2011) . DNA markers are based on DNA sequence polymorphisms are most commonly known as molecular markers. These can be detected through different techniques such as PCR based technique, sequencing, Southern blotting and microarray. The diversity analysis of organisms can be determined by the variations in DNA sequence. Thus, the genetic diversity can be assessed directly by determining DNA polymorphisms (Hoshino et al., 2012) .
Few molecular markers like simple sequence repeats (SSRs) (Iqbal et al., 2010; Garayalde et al., 2011) , random amplified polymorphic DNA (RAPD) (Isaacs et al., 2003; Wangsomnuk et al., 2011a) , target region amplification polymorphism (TRAP) (Yue et al., 2009; Yue et al., 2010) , restriction fragment length polymorphism (RFLP) (Carrera et al., 2002) , amplified fragment length polymorphism (AFLP) (Rachid et al., 2004; Dong et al., 2007; Vos et al., 1995) and inter simple sequence repeats (ISSRs) (Wangsomnuk et al., 2011b ) have widely applied for marker-assisted selection (MAS), genomic evolution and used in some oilseed crops breeding research (SztubaSolińska, 2005) . Mostly, genetic studies have separate principles and functions. Molecular process of heredity sources of crops and pets are performed with the help of 108 PCR dependent study. RAPD markers are widely applied for genetic analysis due to their rapidity and accessibility (Carvalho et al., 2004) . This marker is relative simple and quick technique that can be applied to estimate the heredity variations among plants with some essential properties (Lázaro and Aguinagalde, 1998) . The objective of present research was to estimate the genetic diversity among sunflower genotypes using RAPD markers. That could be used for variety recognition and grouping.
Materials and Methods

Plant Material
Ten sunflower (Helianthus annuus L.) genotypes were selected to estimate the genetic diversity and polymorphism information ( Table 1) . Seeds of these genotypes were taken from Ayub Agricultural Research Institute (AARI), Faisalabad. All genotypes were grown in pots in the green house and young leaves of plants were collected and washed with double distilled water, immediately wrapped in aluminium foil and keep at -20 º C until DNA extraction.
DNA Extraction from Leaf
Total genomic DNA was extracted from each collected sample using standard 2xCTAB protocol with slight modification by adding two percent betamercaptoethanol into removal buffer reported by Li et al., (2007) To confirm the DNA extraction, samples were sprint on 1% agarose gel and DNA quantification was measured by using Nanodrop ND-1000 (Thermo Scientific). DNA dilutions (25 ng/μl) were prepared for PCR reaction.
RAPD Analysis and Electrophoresis
20 RAPD primers were optimized and used for DNA amplification of sunflower germplasm through (polymerase chain reaction) PCR. RAPDs were applied to determine the genetic diversity among sunflower cultivars. PCR reaction was consists of 3 steps as 1) denaturation temperature 95°C for one minute, 2) annealing temperature 36°C for 1 minute, 3) extension temperature 72°C for 2 minutes for 35 cycles. PCR was set to store the products at 4°C. 6 μl loading dye (0.50% bromophenole blue, 0.50% xylene cyanol) were added in products and mixed by microcentrifuge. PCR product was electrophoresed using 2% agarose gel at 100 voltage and amplified bands were seen on gel documentation system (Bio-Rad GDS).
Statistical Data Analysis
Bands scoring were done by using (1) for present and (0) for absent of bands in order to obtain the genetic similarity matrix. The genetic similarity was analysed through popgen32 software (version 1.44) (Yeh et al., 2002) to measure genetics distance among sunflower genotypes. Quantity of amplified fragments (QAFs), quantity of polymorphic fragments (QPFs), quantity of monomorphic fragments (QMFs) and percentage of polymorphic fragments (PPFs) was calculated by counting the reliable visible bands. Polymorphism information content (PIC) of every marker was measured according to Chesnokov et al., (2015) and Anderson et al., (1993) . Dendrogram was created based on Unweighted Pair Group Method with Arithmetic average (UPGMA) (Sneath and Sakol, 1973) by using popgen32 software (Version 1.44) for molecular relationship between ten genotypes (Yeh et al., 2002) .
Results
Level of Polymorphism
A set of twenty RAPD primers were tested with ten individual DNA samples that amplified 227 loci. Out of 227 loci, 196 loci were polymorphic and 31 loci were monomorphic. Amplified fragments were ranged from eight (RAPD-L1) to twenty (RAPD-L20) with a mean of 11.35 bands per primer. Bands produced by RAPD primer L6 can be seen in (Figure 1 ).
Effective Polymorphic Information
For individual RAPD marker, quantity of amplified fragments (QAFs), quantity of polymorphic fragments (QPFs), quantity of monomorphic fragments (QMFs), percentage of polymorphic fragments (PPFs) and polymorphism information contents (PIC) was noticed. All 20 primers showed 86.34% polymorphic bands and 13.65% monomorphic bands. Primer L3, L6, L8, L9 and L10 produced only polymorphic bands while others primers produced both monomorphic and polymorphic bands. Each primer template developed specific, effective and measurable band of changeable capacity. The level of polymorphism was different with different primers between ten genotypes. Distinction capacities for every single genotype were determined using PIC (Polymorphism Information Content) values. PIC values were varying from 0.05 to 0.12 with a mean of 0.09 (Table 2) . Lower values of PIC with all primers indicated that primers were unequally distributed in population.
Genetic Similarity Matrix and Cluster Analysis
Dendrogram were created based on Unweighted Pair Group Method with Arithmetic average (UPGMA). A genetic similarity between ten genotypes was varying from 50.22% to 87.22%. While, lowest similarity (50.22%) was observed between FH-352 and FH-359 it means these two genotypes are relative dissimilar and the maximum similarity 87.22% was observed between A-23 and G-46 which indicates that these genotypes are closely related to each other (Table 3) .
Dendrogram based on summarized data regarding differentiation among ten sunflower genotypes revealed that dendrogram is divided into two main groups 1 and 2. Group-1 is further divided into two sub groups 3 and 4. Group-3 is also further divided into two sub groups 5 and 6 and group-5 consists of FH-106, while group-6 further consists of FH-331 and A-49, which indicates these two genotypes have common origin. Group-4 is also further divided into two sub groups 7 and 8. Group-7 is further subdivided into two sub groups 9 and 10, group-9 consists of FH-259 and A30 which indicating that genotypes have common origin, while group-10 consists of FH-385 and A-61. Group-8 consists of G-46 and A-23, both closely related genotypes. Group-2 consists of FH-352 and this genotype is not making cluster with any other genotype, which indicates that it is the most diverse genotype among all other genotypes (Figure 2 ). 
Discussion
Aim of present research were to estimate the genetic information using RAPD primers and data generated by these primers displays the effectiveness of primers and supports primer system for genetic analysis. Molecular markers are widely used to estimate the genetic variations, as molecular markers are self-determining for confounding results of environment factors. SSR and RAPD markers were used to observe the genetic distance between sunflower genotypes (Binsfeld et al., 2000; Popov et al., 2002) and identification of hybrids and getting information of variation for future breeding (Saftić-Panković, 2007) .
Sunflower is very essential oil-seed crop after soybean and also major origin of edible oil around the globe. Molecular markers are used to estimate the genetic variations between genotypes and explore the clarity of seed, identification of cultivars and hybrids, markerassisted breeding (Barbara et al., 2007; Paniego et al., 1999; Baack et al., 2005) . In present research, we assist RAPD primers to analyse the genetic diversity between local sunflower cultivars. Kayis et al., (2010) compared the RAPD data with ISSR markers. In present study 20 RAPD primer were used that amplified 227 bands with a mean of 11.35 bands per marker. Low PIC in both RAPD and ISSR primers indicates the effectiveness of primer for genetic analysis, in this study the 0.09 average PIC value observed that varied from 0.05 to 0.12 ranges. Zhang et al., (2003) used SSR primers to analyse the genetic variation between one hundred and twenty four inbred cultivars of sunflower. Total 281 alleles were observed between 124 cultivars with an average of 3.5 alleles per primer. PIC values varying from 0.06 to 0.81 and these results are comparable to results of present study.
Mahmoud and Abdel-Fatah, (2012) used 3 different markers (RAPD, ISSR and SRAP) for genetic analysis between sunflower genotypes. Fifteen primers were used for genetic analysis and overall 183 bands were scored with a mean of 12.2 fragments per primer. Level of polymorphism was 46.45% display by 85 bands while other 98 bands (53.55%) fragments was present in all genotypes and these results are closely related to present study. Tang and Knapp, (2003) used 122 SSR markers to estimate the genetic variation between wild and cultivated genotypes and they observed 3.5 alleles per primer. Zhang et al., (2005) also use SSR markers to observe genetic diversity among sunflower genotypes and noticed amplified alleles ranged from 2 to 9 with a mean of 3.5 alleles per primer. Variation in results was based on many elements like difference in sample, sample expanse and procedure to estimate polymorphic level. In present study, we used leaves for DNA extraction and PIC was calculated to measure the polymorphism. Jannatdoust et al., (2016) evaluated molecular variation between fifty inter and intra genotypes of sunflower through SSR and retro-transposon primers. Amplified alleles were varying from 2-3 with a mean of 2.1 alleles per primer while retro-transposon primers display 7-15 alleles with a mean of 11.33 per allele.
In present study, we use twenty RAPD markers to estimate the genetic diversity among ten sunflower genotypes. RAPD data indicated 86.34% polymorphism and 13.65% monomorphism in all amplified bands. Genetic similarity was ranged from 50.22% to 87.22%. Outcomes of this study committed that RAPD primers have the capacity to measure polymorphism, similarities and identification of genotypes using specific RAPD markers for sunflower genotypes. Finally, present research provides important knowledge for breeder to develop genotype resource.
